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Abstract.
The Internet is growing at a rapid pace, and with it, the number of learning programs delivered via the World Wide Web.  There is a concern, however, that many of these programs are simply the delivery of traditional learning materials, with inadequate consideration given to the principles of instructional design.  This research took one example of such design, the use of learning styles methodology, and specifically 4MAT​[2]​, and evaluated 14 on-line learning programs.  One further course was undertaken by one of the researchers as a case study.  It was found that, of the eight possible theoretical approaches to learning identified within the 4MAT system model, only one was present to any significant degree in any of the on-line courses.  As this is the style most present in traditional didactic teaching, this lends weight to the suspicion that, in many cases, Web-based learning programs are, currently, little more than teaching notes and study guides, put on-line.  It is essential that sound principles of instructional design, including learning style methodology, are incorporated into Web-based learning programs if the medium is to gain the credibility its potential deserves.
INTRODUCTION
The Internet is growing exponentially.  The U.S. Commerce Department (1998) reports, for example, that traffic on the Internet has been doubling every 100 days.  The Internet, in fact, is growing faster than all other preceding technologies.  Radio existed for 38 years before it had 50 million listeners, television took 13 years to reach this level, while the Internet achieved it in just four years.  To take just one additional indicator – Jenkins (1998) claims that the use of search engines on the Web has increased 120-fold from 1994 to 1998.
With more computer users, broad-based acceptance of the Internet, and increased credibility for the Web, it is no surprise that opportunist or entrepreneurial providers of distance education are putting more courses on-line.  Distance education, as an alternative or supplement to classroom instruction, is well established, with perhaps the most common form being paper-based correspondence courses.  Rumble (http ref#1) traces distance education to the United States back to 1892, where the reasons for studying at a distance included both individual student needs and institutional logistics including financial viability.  Indeed, these factors underlying the success of distance education remain true today, though there is a recent shift from paper-based to on-line education.  Berst (http ref#2), for example, states that:
	More than 800 American universities and colleges already offer degree courses online, and many more offer non-degree courses.
	One-third of Canada's executive MBA students study via the Internet at Athabasca University in Alberta.
	40% of large corporate training groups plan to forge corporate/university partnerships this year to create custom-built courses and technical degrees for employees.
American companies in 1996 paid approximately $100 million of their total $7 billion information technology training budget on Web-based training, and that amount is projected to increase twentyfold by 2001 (Gantz, 1997).
Internet-based learning or training programs take a variety of forms.  The University of Calgary (http ref#3), for example, identifies three types:
*	Internet supported which assumes face-to-face classes utilising a course website with links to email, outlines, assignments, reference materials, and discussion fora
*	Internet enhanced, similar to Internet supported, with students being enrolled in weekend workshops and using discussion groups between sessions
*	Full Internet used primarily for distance or home study, facilitated by synchronous or asynchronous discussion groups
Hites and Ewing (http ref#4) note that Web-based learning (WBL) is primarily dedicated to distributing course materials to augment traditional classroom learning.  Additionally, some instructors are beginning to incorporate electronic mail, newsgroups, and listservs to further extend instruction and promote limited interaction between students.  MacDonald (1998), however, warns that the practice of putting written learning materials on a website without first adapting them to the media merely creates ‘shovelware’.  Pitt (1997), believes that effective online education depends upon not only increased access to more resources and information, but also upon learning experiences which are appropriately structured and facilitated by educators.  Elsewhere in the same paper she also concedes that few theoretical frameworks have been developed which have their focus primarily on Internet education.  She recommends the transfer of theories and models from traditional educational contexts and then studying the outcomes to see if they are meeting the objectives and goals of learners.
This research study takes forward this view by examining a particular, and important, approach to educational design, the uses of learning styles, and evaluates whether a sample of selected web sites, designed for learning/training, take learning styles into account in their design.  In doing so, it makes use of a specific approach to the incorporation of learning style methodology, the 4MAT learning styles model.
LEARNING STYLES & 4MAT
It was Kolb (1984) who developed a coherent classification system of learning styles based on his notion of experiential learning.  By suggesting a combination of preferences within the dimensions of sensing/feeling: thinking and acting/watching, learners (see Figure 1) can be described as:
	divergers (concrete experience, reflective observation)
	assimilators (abstract conceptualisation, reflective observation) 
	convergers (abstract conceptualisation, active experimentation
	accommodators (concrete experience, active experimentation)


Figure 1  Learning styles and Kolb’s experiential learning cycle

Dunn (1990) defines learning styles as the way each learner begins to concentrate, process and retain unfamiliar, difficult information, while Davidson (1990) writes that ‘learning styles are the unique ways whereby an individual gathers and processes information and are the means by which an individual prefers to learn.’ (p. 36).  These definitions emphasise the individual’s preferred process of learning.  Dunn’s definition refers to learning styles as a starting point, and Davidson’s refers to a preference.  McCarthy (1980) incorporates all of these definitions when she states:
People learn in different ways.  These differences depend on many things:  who we are, where we are, how we see ourselves, and what people ask of us….We hover near different places on a continuum.  And our hovering place is our most comfortable place. (McCarthy, 1980 p. 3-4)
It was McCarthy (1980) who added two new dimensions to Kolb’s work, i.e. the notion of brain hemispheric modality and a cycle of learning.  This then is the foundation for the development of the 4MAT learning styles model.
THE 4MAT SYSTEM MODEL
Origins of 4MAT
McCarthy outlined and classified the work of 18 researchers dealing with learning styles, right/left brain dominance, creativity, effective (business) management, movement/dance and art.  She sent her findings to each researcher. Subsequently, eight, including Kolb, attended a three-day conference funded by the McDonald Corporation (Chicago, December, 1979), where they explored the connections McCarthy had found.  The results of this conference provided McCarthy with the material to build the 4MAT System model.
She identified eight theoretical approaches to learning and designed 4MAT, a lesson building system, which, if followed, would provide each student with activities suited to both individual learning styles and brain modalities. 4MAT is particularly distinctive among the myriad of learning styles theories in that it advocates taking all learners through all learning styles (not just one’s own favoured or preferred learning style), hence the innovative concept of a “cycle of learning”.
Premises of 4MAT
A major premise of 4MAT is that learning differences are based on the way individuals perceive and process experience and information.  The interactions between perception (sensing-feeling or thinking) and process (watching or doing) yield four types of learners, each with a unique set of motivations and needs.  Table 1 summarises the components of theoretical approaches to learning (“styles”) used in 4MAT.
Table 1 Learning types according to the 4MAT system model: how information is processed (doing or watching) and how information is perceived (sensing-feeling or thinking)
How Processed  How Perceived	Doing	Watching
Sensing-feeling	Type 4:  Doing / Sensing-feeling	Type 1:  Watching / Sensing-feeling
Seeks:	Hidden Possibilities	Personal Meaning
Needs	To Teach It Themselves	A Reason
Asks	What if?		Why?	
		
Thinking	Type 3:  Doing / Thinking	Type 2:  Watching / Thinking
Seeks:		Solutions to Problems	Intellectual Competence
Needs:	To Try It	The Facts
Asks		How does this work?	What?

A second major premise is that brain hemispheric preference influences learning.  These modality preferences, labelled “left and right brain” in much of the popular literature, are recognised by McCarthy (1980, 1996) and are summarised in Table 2.  McCarthy’s cycle of learning, a remarkably whole-brained approach, takes learners through eight distinctive steps.  These will include fulfilling the general characteristics of what is commonly called “left mode” and “right mode” and which McCarthy regards as part of the cycle.









Since each of the four learning types includes learners with both brain hemispheric preferences, there are within 4MAT eight distinctive approaches to learning.  As illustrated in Figure 2, these are labelled: 1R, 1L, 2R, 2L, etc.  Hence, we can see that, for Watching/Sensing-feeling learners (Type 1 in Table 1, above), the right-brain step is labelled “Connect” in Figure 2 and the left-mode step “Examine”.

Figure 2 The 4MAT Wheel

Yet another premise of the 4MAT System is that the sequence itself is crucial to learning. Thus, not only are activities for all theoretical approaches to learning to be included in a single lesson, but also their order is significant.  This cyclical approach to learning is considered a natural learning progression’ and ‘moves through the learning cycle in sequence’ (McCarthy 1980, p. 90).  Learning style (LS)1R is the starting point, and LS 4R is the end point (see Figure 2).  Applying this to Web-based learning will be a challenge, since in an on-line course it is difficult, if not impossible, to enforce a sequence; there may be learners who adopt a non-chronological approach, much like the student in a face-to-face course who does not read a textbook front-to-back.
Although there is a specific placement of each learning style within a lesson, this order does not imply a hierarchy of importance, i.e. the system is value neutral.  When students are comfortable with their own approach to learning they will be able to learn more freely both from the teacher and from each other.  Growth, then, is an objective of the 4MAT System.  Students are encouraged not only to appreciate and learn from each other but also to develop their ability to use alternative learning styles.
4MAT Learning Styles and Learner Needs
According to McCarthy, one way to characterise learners within their own quadrant is by a key question that they tend to ask when confronted with new material to learn.  So, as Table 3 shows, different learner types tend to have different learning needs in terms of the goals of their learning.  For example, Type 1: watching / sensing-feeling  learners have a desire to know why things are as they are, hence, they seek to construct meaning.
Table 3  Learner types and their learning needs
Learner type	Learners want to know	Which leads them to a desire for…
Type 1	Why?	Meaning
Type 2	What?	Concept
Type 3	How does this work?	Skills
Type 4	What can this become? What can I make of this?	Adaptation





Figure 3  The 4MAT Wheel and the questions learners ask
Because McCarthy (1996) emphasises the desirability of adding a hemispheric brain modality component to every lesson, she attempts to honour the general tendencies among learners by prescribing that the parts of a course should take all learners through all of these questions from a whole-brain perspective.  Table 4 illustrates the objectives of each 4MAT step.

Table 4 Characteristics of each of the 4MAT Steps
The question that should be addressed	4MAT Learning Steps	Objective
Why?	1R	ConnectCreate an experience; enter into the experience.Engage the Self; connect personal meaning with experience.
	1L	ExamineConsider the Experience.
What?	2R	ImageIntegrate personal experiences into conceptual understanding.
	2L	InformDefine theories and concepts.
How?	3L	PracticeTry it out.Work on defined concepts (reinforcements and manipulations).
	3R	ExtendExperiment and add something of oneself.
What if?		4L	RefineEvaluate for usefulness and application.
	4R	PerformIntegrate the new learning.Doing it themselves and sharing what they do with others

4MAT PROGRAMS IN ACTION: SAMPLE EVALUATIONS
4MAT methodology has been used in the design of learning programmes for students of all ages and in a wide spectrum of subjects.  Presented below are the results of a small selection of research studies that have attempted to evaluate the impact of 4MAT when applied to the design of learning programmes for both school students and adult learners.
Gifted Grade Three Students
Vaughn (1991) compared using 4MAT with two enrichment units based on Bloom’s (1956) Taxonomy with gifted grade three (ages 7 and 8) students.  She found no measurable differences in either achievement or retention between the instructional methods.  On the other hand, Vaughn writes:
in an attempt to measure higher-level thinking (synthesis) and creativity…The 4MAT group scored higher than the controls on the final product…Teachers preferred the traditional method of instruction but noted that 4MAT helped to focus their teaching to the important concepts.  Students preferred the units and activities using The 4MAT System.  (Vaughn, 1991, p. 15)

South Australia Department of Education, Training and Employment (TAFE)
This education and training unit within the South Australia government has been actively researching and applying 4MAT since 1995 (http ref#5).  They cite their reasons as:
4MAT offers a common frame of reference by incorporating other learner-centred principles and theories they were exploring, it is a practical and systematic design tool, enabling them to translate theory into practice, facilitators find that it promotes an environment conducive to learning, and 4MAT training is not only available to them but also provides levels of training, each adding another dimension to their understanding.
Adult Women, BSE
Spatz (1987) tested middle-aged and elderly women learning breast self-examination (BSE) methods, comparing 4MAT to a lecture/discussion format and a group receiving no specific instruction.  She found that the method of presentation had a sizeable impact on learning and retention and concludes that a presentation which addresses different learning styles and left/right brain functions is recommended for older learners in non-traditional, non-academic settings.
Training the Trainer
Griffin (1997) appraises the 4MAT system as a meta model for instruction and suggests that it can be an effective means of accomplishing transfer of learning in a training the trainers programme.  She has found that participants report deep and personal connections with their learning, being involved in a meaningful way.
We can see that, in the cases discussed, 4MAT had a number of positive effects, both cognitively in terms of understanding but also affectively in terms of confidence and student motivation.  These programmes, however, are all face-to-face.  The prime question of this research is whether 4MAT is used in website design.
RESEARCH METHODOLOGY: WEB LEARNING AND LEARNING STYLES
The aim of the research was to assess whether on-line learning programs make use of learning styles methodology (either planned or unintentionally) and specifically 4MAT.  It was also hoped that, in undertaking this research, light could be shed on what other instructional approaches, if any, were utilised.  
To achieve this aim two research strands were undertaken, namely: 
	A survey of a sample of on-line courses 
	Observation through participation in an on-line course
Survey of On-line courses
Since the research problem attempts to link 4MAT with Web-based learning, a starting point was to seek an understanding of the prevalence of on-line courses and campuses while looking for evidence of the application of learning styles theory.  In an attempt to assess the availability of on-line courses and their characteristics, a search was undertaken to locate courses using a search engine and a for-fee service called The Electric Library.  In all, 14 suitable courses were located. 
A list of critical features was then compiled which typified adult education courses, which were then examined within the context of Web-delivery.  These features included 
	Design (including evidence of learning style accommodation, plus evidence of both on-line and off-line activities and group activities)
	Uses of media (text, graphics, sound and interactive forms)
	Interactivity (between tutor and students and between students themselves)
In order to learn about these courses, on-line course demonstration modules (sample lessons) were visited.  Lacking these, course descriptions were studied or the organisation contacted and asked about the content and methodology adopted by their learning programs.
Table 5 provides details of the types of institutions used in the sample, their physical location (if any) and their intended target audience.  Two-thirds of the courses were North American; all but one of the rest were not country-specific.  Almost half were designed for adults in general; three aimed at an audience of people interested in learning more about computer technology; and the remaining sites were designed to cater to specialists, learners of all ages or special needs learners.
Table 5  Research sample by type of institution, physical location and target audience
Type of institution	Physical location	Target audience
University	Canada	Adults
Government department	USA	Youth
Post-16 college	Canada	Adults; professional and pre-professional training
University	USA	Adults
University	USA/Virtual	Adults; educators and researchers
University	USA	Special needs
University	USA	Adults






Commercial training provider	USA/Virtual	Adults: computing

In general, insight was being sought into how similar on-line campuses are to physical campuses, how closely on-line courses parallel face-to-face courses, and to what degree technology was being used to combine content-centric on-line lectures with learner-centric interactive elements.
Observation through participation in an on-line course
The course, Internet Search Techniques, was offered by an organisation calling itself the Net University (not real name), a high-profile on-line teaching institution managed by a mid-sized US media company.  Most classes begin monthly, and all course topics are computer-related.  In the on-line courses, text is the predominant medium, presented through on-line lectures and recommended books, though two text-based message boards provide an interactive element.  One board is for class-related communications, i.e. posting assignments, discussions of questions or problems, and teacher input.  A second message board is to give students the chance to socialise with each other outside of the virtual classroom in a virtual café.  In addition, there are optional individual projects.
One of the researchers participated in the class on Internet Search Techniques to observe the presentation and to assess if it accommodates different learning styles, such as the approach to learning styles described by the 4MAT system.  Essential questions are:
	Does it have elements that appeal to a range of learning styles and both hemispheric preferences?
	Does it take learners through all of the styles within a cycles of learning rather than encouraging learners to work within just their own preferred style?
RESEARCH RESULTS: ACHIEVING A LEARNER-CENTRED DESIGN FOR WEB-BASED LEARNING
Survey of on-line courses
It is worth recalling that, in order to be 4MATed, a course must take a learner through a sequence including the following:
	Connect:  Create a concrete experience (1R)
	Examine:  Reflect on the experience and analyse it (1L)
	Image:  Integrate experience and reflection into concepts (2R)
	Inform: Define theories and concepts.  (2L)
	Practice:  Work on defined concepts and givens (3L)
	Extend:  Experiment and add something of oneself (3R)
	Refine:  Analyse application, judge results of experimentation (4L)
	Perform:  Apply learning personally and share with others (4R)
The 14 courses offered through the Web were investigated with the aim of discovering the prevalence of the use of a variety of course delivery technologies, including those that contribute to learning style accommodation.  Amongst the courses in the sample, there was no evidence of a systematic learning styles approach to course design or delivery.  The predominant model was overwhelmingly one of on-line lectures and reading assignments, i.e. 4MAT’s Learning Style 2L.  There was scarce evidence of other 4MAT stages.  Almost half used some form of group activity, but these did not always include sharing with others (4R). 
These points suggest that teachers and curriculum writers are building their on-line courses to be delivered in a parallel fashion to how they deliver their face-to-face courses.  As MacDonald (1998) warned, there is a tendency to simply transfer a didactic approach to the on-line course.
One conclusion of this study is that currently Web-based learning is designed with the learning style of the linear, logical, verbal student in mind (2L), in other words the same model traditionally followed in classrooms and paper-based distance education.  On the other hand, the Web is a new medium for delivery of courses, and it offers new possibilities for interactive, self-directed, learner-centred education which are not currently being fully exploited.
Observation through participation in an on-line course
Table 6 presents the data collected whilst studying on the on-line Net University program.  This shows that the media and activities of the course strongly favour the “left-brain” learner and those who are Type 2 (Watching/Thinking) learners.  Hence, the only learning style that is reflected in a required element of the course is 2L, with 3L being optional.  While Type 4 (Doing/Sensing-feeling) learners are catered for, these aspects of the program are only optional.
Table 6  Comparison of on-line Net University course with 4MAT theoretical approaches to learning (“styles”)
4MAT Learning Cycle	On-line Net University Course
Learning Style	Teacher/Student Activity	
1R	Create a concrete experience	N/A
1L	Reflect on the experience, analyse it	N/A
2R	Integrate experience and reflection into concepts	N/A
2L	Examine and formulate conceptsReceive information through text	Required
3L	Work on defined concepts and givens	Individual projects	Optional
3R	ExperimentAdd something	N/A
4L	Analyse application, judge results of experimentationConduct own searches	Optional
4R	Apply learning personally and share with othersPost written assignments/Share	Optional









Even here, the Web-based course shows that only a limited number of these features have been addressed, namely reading from text.  Therefore, opportunities for using, say, film/video or the manipulation of objects or data have not been grasped.  Manipulation of objects through animation is a feature the computer offers over many other media, so it is particularly disappointing that the latent power of the computer is not being utilised to its full potential.
In summary, the course did not appear to incorporate 4MAT or any other learning styles methodology.   Its design is most suitable for 2L learners, and possibly 3L and 4R learners.  As can be seen, much of the spectrum of potential for learning is lost when only one eighth is accessed in course design.  Furthermore, there was no support for the 4MAT concept of growth through the natural cycle of learning.
CONCLUSIONS & RECOMMENDATIONS
Both the survey of on-line courses and the on-line course that was observed in practice yielded the same result: that Web-based learning programs tend to favour the 2L learning style with few other styles catered for.  These findings raise a number of issues which future research could address.
4MAT
	If students go through an on-line course out-of-sequence, what are the benefits of having designed the course according to the procedures prescribed by 4MAT?  In other words, how important is sequence to 4MAT?
	Do students enjoy an on-line course that is 4MATed more than one that is not?
	Is 4MAT the most appropriate learning styles system model for a Web-based course?
Learning Outcomes
	Do students learn more, less or the same through an on-line course that is 4MATed than one which is not?
	Is there a difference in outcome between the incorporation of learning styles design in the Web-based learning of technical skills and so-called “soft skills” such as communications or management?
Students
	Are there students with certain learning styles that are attracted to on-line courses in the first place?
	If a learner finds one or more learning styles problematic, what implications does this have for Web-based learning design?

In the developed western world there is a vanguard of adults who are part of the surging demand for education delivered in ways that are accessible, entertaining, interactive and dynamic and that produce the desired results.  Given this demand, it is reasonable to assume that much of the need will be met by Web-based learning.  Desired outcomes such as effective learning and student empowerment will only be met, however, if the design of Web-based learning materials encompass principles of instructional design.  Since 4MAT provides an entire framework for meeting and even anticipating individual learner needs, it is a methodology that Web-based course designers might care to examine.
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